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a single crystal of S1 has been studied over the energy range 0.003 eV to
50 eV at the HeaponaNeutronResearchFaoilitY(~-fl).The neutron energies uere detemined by time of flight.
The 28.77 cm long S1 ample uass held at three temperature, 296°1S, 77°K, and 21’K. The 21°K temperature waa
obtained by filling an encircling cryostat with liquid H . The region of sreateat interest ie below 1 eV where
Bragg scattering from the perfeot crystal ia small and uh$re thermal diffuse mattering oan be reduced by oooling
the S1. Near 0.05 eV the croaa aeotion dips to leas than 115 its value at energies greater than 1 eV. This
feature haa alloweda ngleoryatalsof Si to be used very auocesafully aa thermal neutron band pasa filters. Our

&data at 296°K ‘nd 77 K agree uith previous Reaauremants. Very little struoture cauaed by Bragg scattering ia
obeerved. Our neaaured oroaa eections for 21 K are somewhat below the 77°K data but not eno~h lower to Justin
cooling a S1 filter to 21°K to dramatically improve its tranmisaion.

[Si(nn), total oross section, 0.003 - 50 eV, single crystal, 2.96, 77, 21°Kl

Fission reactora are intenee aourcea of thermal
neutrcmslwhioh are being used extenal~ely for materiala
studies. Unfortunately these thermal neutrons are
accompanied by fast neutrona end ga=a raya whioh Prc-
duce a background in many experiments in addition to
being a hazare to personnel. Filters are needed that
will pasa banda of thermal neutrona but rejeot the fast
neutrons and g-a radiation. Some single cryatala act

~g
as t ermal neutron bend paas filters and are being
used. Silic n hee recently found application ●s such
a filter .3’4’ Presented in this paper are new total
n,:utron croes section data which will allow experimen-
ters to evaluat~ and to select the most effective
paremetere for the design of single crystal silicon
filters.

Previous craas section measurements 3’4 of single
crystal silioon have been made at only a fen neutron
energies at room temperature (RT) or liquid nitrogen
temperature (LNT). Data over a wider energy range with
better resolution were needed for evaluation and
deeign. The croan eectiona presented here provide that
breadth and resolution.

One previous croaa section pointb waa obtained at
0.073 eV at liquid helium temperature (LHeT) but with
some experimental uncertainty in the meaaurementa.
Sinoe this one point ind,toatad that a silicon filter
oooled to near LHeT would be muoh ❑ore effective than
one cooled to near LNT, more data near LHeT were
needed. Such data are preeented in this paper aa the
cross section of single crystal silicon at liquid
nydrogen temperature (LHT).

The experiment la deaoribed in the next two sec-
tions, the data in the fourth eec:ion, and the results
a?e diacuased in the final eection.

The sample waa one single crystal of silicon
provided by the Electro Products Division of the
Ilonaanto Cempany. ‘hie oryetal la 7.6 cm diameter by
28.77 ca long. One of’ the e~etry directions of the
crystal ie along the axia uf the cylinde”. The oryatal
10 dislocation free a.ld was ❑ade by the Czochrnlski
prooeae.

This crystal waa inserted into the center of an
annulus formed by the liquid nitrogen (or liquid
hydrogen) jacket of a crYoatat. The ends of the
annular hole were sealed with thin windows of stainless
steel ao Lhat helium gaa could be added to provide heat
oonductian from the crystalto the anmlar liquid
hydrogen jacket. Thermocouples were attached to the
oryatal to meaeure the temperature.

The Weapona Neutron Raaearch (HNR)6 facility at
the Los Alemos Scientific Laboratory (LASL) uas ueed as
Lhe eouroe of neutrons for the total cross section
measurement. The H’NR produced pulaea of ❑oderated
neutrons using a 311S wide 800 Mev proton pulee at 1513
Hz incident on a tantalu target with a heterogenouely
poisoned H O ❑operator.

$
Cadmiu wae used as the poison

in the m erator to suppress upscattering. An off-
center flight path observed the ‘slabn ReometrY neutron
❑operator. The neutron energieu were determined by
time-of-flight ❑ethode.
is shown in Fig. 1. A col;;a~~~~i~(~tall c~ran6ementhole was
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Fig. 1. Experimental arrangement of apparatus outside
the bulk ehleld.



planed at the outer edge of the bulk shield, 3 meters
from the moderator. A 23SU fiesion chamber Mae plaoed
in the neutron beam ●fter the first oolllmator to mnn-
iLor the neutron flux. A eeoond oolltitor wam plaoed
after the fieeion ohamber to eliminate any effect. of
the sample poeition on the flux monitor. The silicon
sample In the cryostat uam plaaed on ● remote aontrnl
changer mahanism positioned about 25 am frcm the firet
collimator. A third aollimtor uas looated dounatream
of the aryoatat to eneure that the neutron detector
viewed only the ailiaon sample and no part of the
aryoatat. The neutron det,sotor uaa an 0.6 on diem 300
Atm He proportional mounter placed at 11 ● from the
❑OdO”atOr aanter at the and of ●n evncuated flight
path.

Tha ax@e ahanger meahamimm uaa a platform that
aould be raiaed and louared ao that data aould be taken
with the a~mple ‘inn and with tha xample ‘Outm. The
sxmple ‘outm paeition had two sheets of alminIa to
simulate tha windows on the aryaetat. HO correction
waa ■ade for the difference in patho of vaou-, heli~,
and air.

Data were aalleated far repetitive aeta of sample
‘inn and sample ‘outn. Baah “lo- and ‘out” laated
about ten minutem to obtain good atatietica. For the
low temperature ruz=: thermoaoupleo monitoring thp
a~le temperature were read between each aet of data.
Ronm background wiw meaeured by plaaing either a
0.08 cm Cd sheet or a 5.6 am thlok boron loaded
paraffin bleak in the beam. In aaah aaee, in the
regions of interest, the backgrounds nera negligible.
The data were aollected and stored on ❑agnetia tape

ueing a lbdcomp IV computer via a CAPIACInterfaoe.
Data reduction oansisted of correcting both sample-in
and sample-out apeotra for dead-time loaaea, aombining
the data into bin8 of aonetant (10S) energy resolution,
and converting to total arose eectian as a function of
neutron energy.

Figure 2 repraaents the data a? this experiment.
The data extend from 0.003 ●V to 50 ●V and cover the
window uhiah la lmporta~t aa a band pasa filter. At 50
ev the scattering app~achea frme+tom Scattering. ~r
meaaurnd crwa aeatiana at 50 aV arm

ORT = 2.13 k 0.02b,

‘m = 2.11 ~0.02 b,

‘d ‘MT
■ 2.1O ~ 0.04b .

Theee ●m in goo+ agreement with the >A . 2.16 b
quoted by Millie. This agreement len a oanfidanae
that tha aroaa aactionm am being meaaured accurately,
far example; that the nmbar Of stoma/am in the beam
ia kmoun, that dead time correatione are being made
correotly, and that baakgrounda are understood.

At the law energy end of the data, the Q
to extrapolate to data extending Up to 0.0 a ::p::
BIU-325 far RT pawdared S1. The a

abd ‘WV-::;:approaah but are slightly higher Mn the
representing the absarptlon crcma section of S1.
bahavior ia ●e axpectad and lends confidence that the
aroea mectiona am being accurately ■aaeured at the low

anergy end.

The data show the expected broad dip near thermal
energien and the o
than tha o ~T orw!i!’ii ?~t%!

craas eections are lower
Little structure la

observed in the cross aeotion indicating that Bragg
saactering is small. These data at RT and LNT are con-
ai?tent with the prevloua data. ~r RT data far E c ~
0.1 eV Is aomeuhat higher than data obtained by Shun.
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Fig. 2. Resulte of the present experiment. The solid lines represent data for powdered silicon.
The dashed line ahous the l/v silicon absorption cross section.



The LNT data in Fig. 2 ie not conaimtent with the
previous orme meotion point mea8ured by Ihgger md
Yelonk at 0.073 eV and LHeT. Nhile the present detn
shows a oroe~ section of ahnut 0.25b, the previous
point wax 0.1 b. The previous point la deeoribad an
mk~t Of high aoouraoyn beoause the sample uaa on~Y 5 om

across md tha sample oould not be oyoled into and out
of the beam to get ‘inn and ‘outn data. A ohange in
the beam intensity during the experiment co~ld have
produced a poor ❑eaaurament.

The croma aeotione memau~d in thla experiment
provide high ramolution data over the full range of
neutron energies needad to avaluate ailioon eingle
crystal band paaa filters. The RT and LNT data agree
with pravioua ■eaauramenta. Little atruoture la evi-
dent . The crosm aeotiona at LHT are only slightly
lower than the oroam aectiona at LMT. Thue ● ailioon
single crystal cooled to LNT or LHeT will be only a
little batter as a filter than one cooled to lJiT. The
extra ●ffort to cool below L#T ie not Jumtified.

The authorm thank the Bionaanto Co. for providing
the mingle oryatal silicon sample. One of the authore

(RHB) la very appreciative of the opportunity provided
by LASL to make theme ❑aaauramenta. This wcrk wae
performed under the auapices of the U.S. Oapartment of
Ener~.
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